Abstract: GaN-based lasers are promising for white lighting and visible-light communication (VLC). The advances of III-nitride photonic integration, and the application of YAG crystal and perovskite-based phosphors to lighting and VLC will be discussed. The past decade witnessed the rapid development of III-nitride light-emitting diodes (LEDs) [1, 2] , superluminescent diodes (SLDs) [3, 4] , and laser diodes (LDs) [5, 6] , for solid-state lighting (SSL), visible-light communication (VLC), optical storage, and internet-of-things (IoT) [7, 8] . InGaN/GaN quantum well (QW)-based LEDs have been established as the fundamental component for SSL applications while recent studies suggested that the GaN-based LDs, which is free from efficiency droop, may outperform LEDs as a viable high-power light source [9, 10] . Meanwhile, there are increasing potentials in using such emitters in visible-light based optical communication systems for indoor and outdoor applications as data-rate demands are exponentially growing in the near future [8, 11, 12] . Since LDs exhibit significantly larger modulation bandwidth than LEDs, VLC links based on GaN lasers have shown multiple gigabit per second (Gbps) data rate, suggesting its growing potential for SSL-VLC dual-functionality applications [12, 13] . The development of devices and components in laser-based white lighting and data communication systems will be discussed.
integrated waveguide modulator-laser diode (IWM-LD) has been designed on a semipolar (2021)-plane GaN substrate [27] . The IWM-LD show a high modulation efficiency of 2.68 dB/V. A large extinction ratio of 11.3 dB is measured in the violet-emitting IWM-LD [28] . Utilizing the integrated modulator, Gbps data communication was demonstrated using OOK modulation scheme. In addition, we fabricated the 404-nm emitting integrated shortwavelength semiconductor optical amplifier (SOA) -laser diode, showing a large gain of 5.32 dB at 6 V [29] . Such device can also be utilized in the modulated amplifier scheme enabling high-speed modulation. Since the signal detection is another important component in VLC system, we have fabricated and characterized the high-performance waveguide photodetector (WPD) integrated LD at 405 nm [30] . A significant large modulation bandwidth of 230 MHz is measured in the WPD and can be further improved by reducing the RC-time constant. Both the WPD and LD are sharing the single active region, making it promising to build VLC transceiver on single laser chip. The seamlessly integrated elements enable photonic IC at the visible wavelength for many critical applications, such as smart lighting and display, free-space and underwater optical communications, optical switching, clocking, and interconnect [20, [31] [32] [33] .
In summary, the paper presents the advances and challenges of laser based SSL-VLC systems. The design, fabrication, and characterization of III-nitride laser based photonic integration and emerging color converters for lighting and data communication are discussed. The results suggest that the laser-based solution is a promising approach towards next generation high-brightness smart lighting and high-speed visible-light communications.
